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 ࣄࢺ㦵㧊⏤᮶㛫ⴥ⣔ᖿ⣽⬊㸦hBMSCs㸧ࡣ㸪㌾㦵ࢆᑐ㇟࡜ࡍࡿ෌⏕἞⒪⏝⣽⬊ࢯ࣮
ࢫ࡜ࡋ࡚᭷ᮃ࡛࠶ࡿࠋࡋ࠿ࡋ࡞ࡀࡽ㸪hBMSCs ࠿ࡽศ໬ࡋࡓ㌾㦵⣽⬊ࡣ㸪ḟ➨࡟⫧኱
㌾㦵⣽⬊࡬࡜ศ໬ࡋ㸪ࡑࡢᚋ㸪▼⅊໬ࡀ㐍⾜ࡋ࡚㦵ࡢ⏕ᡂ࡟⮳ࡿࡓࡵ㸪᪂⏕㌾㦵ࢆ⥔
ᣢࡍࡿࡢࡣ㞴ࡋ࠸ࠋࡋࡓࡀࡗ࡚㸪hBMSCs ࢆ⏝࠸ࡿ㌾㦵ࡢ෌⏕་⒪࡛ࡣ㸪⫧኱㌾㦵⣽
⬊࡬ࡢศ໬ࡢᢚไ࡟ࡘ࠸࡚⪃࠼ࡿࡇ࡜ࡀ㔜せ࡛࠶ࡿࠋᮏ◊✲࡛ࡣ㸪hBMSCs ࡢ㸱ḟඖ
࣌ࣞࢵࢺᇵ㣴࡟࠾ࡅࡿ㌾㦵ศ໬ಁ㐍࡜⫧኱㌾㦵࡬ࡢศ໬ᢚไࢆ୧❧ࡋᚓࡿ᮲௳࡟ࡘ࠸
᳨࡚ウࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ࡜ࡃ࡟㸪࣌ࢵࣞࢺᇵ㣴ࡢ㛤ጞ᫬࡟࠾ࡅࡿ⣽⬊ศ໬ᗘࡢ
㐪࠸㸪࡞ࡽࡧ࡟㸪࣌ࣞࢵࢺ୰ࡢ㓟⣲⃰ᗘ໙㓄ࡀ㌾㦵ศ໬࡟ཬࡰࡍᙳ㡪࡟ࡘ࠸᳨࡚ウࡍ
ࡿ࡜࡜ࡶ࡟㸪ᰤ㣴⣲㸦ࢢࣝࢥ࣮ࢫ㸧⃰ᗘࡢ㐪࠸ࡀ⫧኱㌾㦵⣽⬊࡬ࡢศ໬࡟ཬࡰࡍᙳ㡪
࡟ࡘ࠸࡚▱ぢࢆᚓࡿࡇ࡜ࢆ┠ⓗ࡜ࡋࡓࠋ
 ᮏ◊✲࡛⏝࠸ࡓhBMSCs (UE6E7T-3 ᰴ㸧ࡣJCRB⣽⬊ࣂࣥࢡࡼࡾධᡭࡋࡓࠋᇵ㣴࡟ࡣ
㸰✀㢮ࡢᇵᆅࢆ⏝࠸ࡓࠋࡍ࡞ࢃࡕ㸪ቑṪᇵᆅ㸦10%࢘ࢩ⫾ඣ⾑Ύཬࡧᢠ⏕≀㉁ࢆྵࡴ
DMEM㸧࠾ࡼࡧศ໬ᇵᆅ㸦10%࢘ࢩ⫾ඣ⾑Ύཬࡧᢠ⏕≀㉁ࢆྵࡴDMEM࡟㸪TGF-E3㸪
࢔ࢫࢥࣝࣅࣥ㓟ࣜࣥ㓟㸪ࢹ࢟ࢧ࣓ࢧࢰࣥ㸪ࣆࣝࣅࣥ㓟㸪ITS+ࢆῧຍ㸧࡛࠶ࡿࠋ2.5 × 106
ಶࡢ⣽⬊ࢆྵࡴศᩓᾮࢆ 500 g࡛ 5 ศ㛫㐲ᚰࡍࡿࡇ࡜࡟ࡼࡗ࡚࣌ࣞࢵࢺࢆᚓࡓࠋࡑࡢ
ᚋ㸪࣌ࣞࢵࢺࢆቑṪᇵᆅ࠶ࡿ࠸ࡣศ໬ᇵᆅ୰࡛ᾋ㐟ᇵ㣴ࡋࡓࠋᡤᐃᮇ㛫ᇵ㣴ࡋࡓࡢ
ࡕ㸪࣌ࣞࢵࢺࡢ⤌⧊ษ∦ࢆస〇ࡋ㸪࣐࣊ࢺ࢟ࢩࣜࣥѸ ࢚࢜ࢪࣥ㸦H.E㸧࠾ࡼࡧࢺࣝ࢖ࢪ
ࣥࣈ࣮ࣝO㸦TBO㸧࡛ᰁⰍࡋࡓࠋࡲࡓ㸪⤌⧊ษ∦ࢆప㓟⣲ㄏᑟᅉᏊ㸦HIF-1D㸧࠾ࡼࡧX
ᆺࢥ࣮ࣛࢤࣥ࡟ᑐࡍࡿᢠయࢆ⏝࠸࡚⺯ගච␿ᰁⰍࡍࡿ࡜࡟ࡼࡗ࡚㸪ࡑࢀࡽࡢⓎ⌧ࢆศ
ᯒࡋࡓࠋࡲࡓ㸪ࢿࢡ࣮ࣟࢩࢫ࠶ࡿ࠸ࡣ࢔࣏ࢺ࣮ࢩࢫ࡟ࡼࡗ࡚Ṛ⁛ࡋࡓ⣽⬊ࢆ㸪ࡑࢀࡒ
ࢀࣚ࢘໬ࣉࣟࣆࢪ࣒࢘(PI) ᰁⰍ࠾ࡼࡧTUNEL࢔ࢵࢭ࢖࡟ࡼࡗ࡚ศᯒࡋࡓࠋ⤌⧊ษ∦ୖ
ࡢᰁⰍ⣽⬊ࡢᐃ㔞ⓗゎᯒ࡟ࡣ㸪ImageJ ࢯࣇࢺ࢙࢘࢔ࢆ⏝࠸ࡓࠋࡉࡽ࡟㸪㌾㦵⣽⬊ࡢ
࣐࣮࣮࢝㑇ఏᏊ㸦Sox9 ࠾ࡼࡧIIᆺࢥ࣮ࣛࢤࣥ㸧࠾ࡼࡧ࣑ࢺࢥࣥࢻࣜ࢔㟁Ꮚఏ㐩⣔」ྜ
యࢱࣥࣃࢡ㉁ࡢⓎ⌧㔞࡟ࡘ࠸࡚ᐃ㔞ⓗRT-PCRἲ࡟ࡼࡗ࡚ศᯒࡋࡓࠋ
 ࡲࡎ㸪ᇵᆅࡢ᮲௳ࡢ㐪࠸ࡀ⣽⬊ࡢ㓟⣲ᾘ㈝㔞࠾ࡼࡧቯṚ㸭⏕Ꮡ࡟୚࠼ࡿᙳ㡪࡟ࡘ࠸
᳨࡚ウࡋࡓࠋ᭱ึ࡟㸪hBMSCs ࢆቑṪᇵᆅ࠶ࡿ࠸ࡣศ໬ᇵᆅ࡛༢ᒙᇵ㣴ࡋࡓࠋࡑࡢ⤖
ᯝ㸪ศ໬ᇵᆅ୰࡛ᇵ㣴ࡋࡓ⣽⬊࡛ࡣ㸪࣑ࢺࢥࣥࢻࣜ࢔࡟࠾ࡅࡿ㟁Ꮚఏ㐩⣔」ྜయࢱࣥ
ࣃࢡ㉁ࡢ⏘⏕㔞ࡀ㸪ቑṪᇵᆅ୰࡛ᇵ㣴ࡋࡓ⣽⬊࡟ẚ࡭࡚ᑡ࡞࠸ࡇ࡜ࡀࢃ࠿ࡗࡓࠋࡇࡢ
⤖ᯝ࠿ࡽ㸪ศ໬ࡢ㐍⾜ࡋࡓ⣽⬊࡛ࡣ㓟⣲ᾘ㈝㔞ࡢᑡ࡞࠸ࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ୍᪉㸪୕
ḟඖ࣌ࣞࢵࢺᇵ㣴ୗ࡛ࡣ㸪ቑṪᇵᆅ୰࡟ẚ࡭㸪ศ໬ᇵᆅ୰࡛ᇵ㣴ࡋࡓሙྜ࡟࣌ࣞࢵࢺ
࡟ྵࡲࢀࡿቯṚ⣽⬊ࡢᩘࡀᑡ࡞࠿ࡗࡓࠋୖ㏙ࡢࡼ࠺࡟㸪ศ໬ࡋࡓ㌾㦵⣽⬊ࡣࡼࡾᑡ࡞
࠸㓟⣲ࢆᚲせࡍࡿࡓࡵ㸪ప㓟⣲≧ែ࡟࠶ࡿ࡜ᛮࢃࢀࡿ࣌ࢵࣞࢺ୰ᚰ㒊࡟࠾࠸࡚ࡶ⏕Ꮡ
⣽⬊ࡢ๭ྜࡀ㧗࠿ࡗࡓࡢ࡛࠶ࢁ࠺ࠋ
 ḟ࡟㸪ప㓟⣲≧ែࡀ㌾㦵ศ໬࡟୚࠼ࡿᙳ㡪ࢆㄪ࡭ࡿࡓࡵ㸪࣌ࣞࢵࢺࢆቑṪᇵᆅ࠶ࡿ
࠸ࡣศ໬ᇵᆅ࡛ᇵ㣴ࡋࡓᚋ㸪ࡑࢀࡽࢆศ໬ᇵᆅ୰࡟࡚ᇵ㣴ࡋࡓࠋࡑࡢ⤖ᯝ㸪ᮍศ໬⣽
⬊࠿ࡽㄪ〇ࡋࡓ࣌ࣞࢵࢺ࡛ࡣ㸪ቯṚ⣽⬊ࡀࢥ࢔㡿ᇦ࡟ከࡃᏑᅾࡋࡓࠋࡇࡢ⤖ᯝࡣ㸪⣽
⬊୍ಶ࠶ࡓࡾࡢ㓟⣲ᾘ㈝㏿ᗘཬࡧ㓟⣲ࡢᣑᩓಀᩘࢆࣃ࣓࣮ࣛࢱ࣮࡜ࡋ㸪ࣇ࢕ࢵࢡࡢ➨
㸯ἲ๎ࢆ⏝࠸࡚ぢ✚ࡗࡓ࣌ࣞࢵࢺෆࡢ㓟⣲⃰ᗘ໙㓄࠿ࡽ༢⣧࡟ㄝ࡛᫂ࡁࡿࠋࡋ࠿ࡋ࡞
ࡀࡽ㸪࣌ࣞࢵࢺᇵ㣴ࢆศ໬ࡢ㐍ࢇࡔ⣽⬊࠿ࡽ㛤ጞࡍࡿ࡜㸪ቯṚ⣽⬊ࡣࢥ࢔㡿ᇦ࡟࠾࠸
࡚ࡶẚ㍑ⓗᑡ࡞࠿ࡗࡓࠋࡇࢀࡣ㸪ศ໬ࡋࡓ㌾㦵⣽⬊࡛ࡣ㓟⣲ᾘ㈝㔞ࡀᑡ࡞࠸ࡓࡵ࡛࠶
ࢁ࠺ࠋࡇࡢ⤖ᯝࡣ㸪࣌ࣞࢵࢺ୰ᚰ㒊࡟࠾ࡅࡿప㓟⣲≧ែࡣ㸪ቯṚࢆᢚ࠼ࡿࡢࡳ࡞ࡽ
ࡎ㸪㌾㦵⣽⬊ࡢᐦᗘࢆ㧗ࡵࡿࡢ࡟ᐤ୚ࡍࡿࡇ࡜ࢆ♧၀ࡍࡿࠋ
 ࣌ࣞࢵࢺෆ㒊ࡢప㓟⣲≧ែ࡜㌾㦵⣽⬊ศ໬࡟ࡘ࠸࡚ࡉࡽ࡟ヲ⣽࡞Ὕᐹࢆᚓࡿࡓࡵ㸪
HIF-1D࡟╔┠ࡋࡓࠋࡇࡢࢱࣥࣃࢡ㉁ࡣ㌿෗ᅉᏊࡢ୍ࡘ࡛࠶ࡾ㸪Sox9 㑇ఏᏊࡢࣉ࣮ࣟࣔ
ࢱ㡿ᇦ࡟⤖ྜࡋ࡚㌾㦵ศ໬ࢆಁ㐍ࡍࡿࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡉࡽ࡟㸪HIF-1Dࡣ㸪࣑ࢺ
ࢥࣥࢻࣜ࢔㟁Ꮚఏ㐩⣔」ྜయࢆᙧᡂࡍࡿ✀ࠎࡢࢱࣥࣃࢡ㉁ࡢⓎ⌧ࢆᢚไࡍࡿࡇ࡜ࡀሗ
࿌ࡉࢀ࡚࠸ࡿࠋࡑࡢ⤖ᯝ㸪ATP ྜᡂ཯ᛂࡢ๪⏘≀࡛࠶ࡾ㸪⣽⬊ቯṚࡢཎᅉ࡜࡞ࡿάᛶ
㓟⣲ࡢ⏘⏕ࡀᢚ࠼ࡽࢀࡿࠋᮏ◊✲ࡢ⤖ᯝ㸪ணࡵ㌾㦵ศ໬ࢆ㐍⾜ࡉࡏࡓ⣽⬊ࢆ⏝࠸࡚స
〇ࡋࡓ࣌ࣞࢵࢺ࡛ࡣ㸪ᮍศ໬ࡢ⣽⬊ࢆ⏝࠸ࡓሙྜ࡟ẚ࡭࡚㸪HIF-1DࡢⓎ⌧ࣞ࣋ࣝࡀ㧗
࠿ࡗࡓࠋࡲࡓ㸪TBO ᰁⰍࡢ⤖ᯝ࠿ࡽ㸪๓⪅࡛ࡣᚋ⪅࡟ẚ࡭࡚㸪㌾㦵⤌⧊ᵝࡢ⣽⬊እᇶ
㉁ࡢྜᡂࡀࡼࡾஹ㐍ࡋ࡚࠾ࡾ㸪㌾㦵ศ໬ࡀࡼࡾ㐍ࢇ࡛࠸ࡿࡇ࡜ࡀ♧၀ࡉࢀࡓࠋ࠸ࡎࢀ
ࡢ⤖ᯝࡶ㸪ୖ㏙ࡢࡼ࠺࡟㸪HIF-1Dࡀከᵝ࡞ᶵ⬟ࢆࡶࡘࡇ࡜ࢆ⪃៖ࡍࡿ࡜࠺ࡲࡃㄝ࡛᫂
ࡁࡿࠋ
 ᭱ᚋ࡟㸪⫧኱㌾㦵࡬ࡢศ໬ࡢ㐍⾜࡟ཬࡰࡍࢢࣝࢥ࣮ࢫࡢᙳ㡪࡟ࡘ࠸᳨࡚ウࡋࡓࠋ
hBMSCs ࠿ࡽ㌾㦵࡬ࡢศ໬㐣⛬࡛㸪๓㥑⣽⬊ࡀึᮇ㌾㦵⣽⬊࡬࡜ศ໬ࡋ㸪ࡑࡢᚋ㸪ᚋ
ᮇ㌾㦵⣽⬊㸦⫧኱㌾㦵⣽⬊㸧࡬࡜ศ໬ࡀࡉࡽ࡟㐍ࡴࡇ࡜ࡀ▱ࡽࢀ࡚࠸ࡿࠋࡇࡢ⫧኱㌾
㦵⣽⬊ࡣ㸪ḟ➨࡟▼⅊໬ࡋ㸪᭱ᚋ࡟ࡣ㦵⤌⧊࡬࡜ᡂ⇍ࡍࡿࠋࡋࡓࡀࡗ࡚㸪㌾㦵ࡢ෌⏕
἞⒪ࢆ⪃࠼ࡿሙྜ㸪⫧኱㌾㦵⣽⬊࡬ࡢ㌿᥮ࢆᢚไࡍࡿ᮲௳࡟ࡘ࠸࡚▱ぢࢆᚓࡿࡇ࡜ࡣ
㔜せ࡛࠶ࡿࠋᮏ◊✲࡛ࡣ㸪ணࡵ㌾㦵ศ໬ࢆ㐍⾜ࡉࡏࡓ⣽⬊ࢆ⏝࠸࡚࣌ࣞࢵࢺࢆస〇
ࡋ㸪ẚ㍑ⓗప⃰ᗘ㸦6 mM㸧ࡢࢢࣝࢥ࣮ࢫࢆྵ᭷ࡍࡿศ໬ᇵᆅ୰࡛ᇵ㣴ࡍࡿࡇ࡜࡟ࡼࡗ
࡚㸪㧗ࢢࣝࢥ࣮ࢫ⃰ᗘ㸦30 mM㸧ࡢሙྜࡼࡾ㸪࣌ࣞࢵࢺ୰࡛ࡢ⫧኱㌾㦵⣽⬊࡬ࡢ㌿᥮
ࡀ᭷ព࡟ᢚ࠼ࡽࢀࡿࡇ࡜ࡀ᫂ࡽ࠿࡜࡞ࡗࡓࠋ
 ௨ୖࢆ⥲ᣓࡍࡿ࡜㸪hBMSCs ࠿ࡽศ໬ࡋࡓ㌾㦵⣽⬊ࡣ㸪ᮍศ໬ hBMSCs ࡜ẚ㍑ࡋ࡚
ᑡ࡞࠸㔞ࡢ㓟⣲ࢆᾘ㈝ࡍࡿࠋࡇࡢࡼ࠺࡟㸪㌾㦵⣽⬊࡜ hBMSCs ࡢ㓟⣲ᾘ㈝㏿ᗘࡢ┦
㐪㸪࠾ࡼࡧ㸪࣌ࣞࢵࢺෆ࡟ᙧᡂࡉࢀࡓ㓟⣲⃰ᗘ໙㓄㸪ప㓟⣲≧ែ࡟࠾ࡅࡿ HIF-1DࡢⓎ
⌧ࡀ㸪࣌ࣞࢵࢺෆ࡛ࡢቯṚ⣽⬊ࡢศᕸ࠾ࡼࡧ㌾㦵ศ໬࡟༠ዌⓗ࡞ᙳ㡪ࢆཬࡰࡍࠋ⫧኱
㌾㦵⣽⬊࡬ࡢ㌿᥮ࡣ㸪ప⃰ᗘࡢࢢࣝࢥ࣮ࢫࢆྵࡴᇵᆅࢆ⏝࠸ࡿࡇ࡜࡛ᢚไࡍࡿࡇ࡜ࡀ
࡛ࡁࡿࠋ௨ୖࡢ⤖ᯝ࠿ࡽ㸪࣌ࣞࢵࢺస〇๓࡟ศ໬ࢆ㐍⾜ࡉࡏ㸪࠿ࡘ㸪పࢢࣝࢥ࣮ࢫ⃰
ᗘ᮲௳ୗ࡛ศ໬ᇵ㣴ࢆ⾜࠺ࡇ࡜ࡣ㸪ึᮇ㌾㦵⣽⬊ࡢㄏᑟ࡜⫧኱㌾㦵⣽⬊࡬ࡢศ໬ࡢᢚ
ไ࡟ຠᯝࡢ࠶ࡿࡇ࡜ࡀ♧ࡉࢀ㸪௒ᚋ䠈 hBMSCs 䛻䜘䜛㌾㦵෌⏕἞⒪䛾ຠᯝ䜢㧗䜑䜛ྍ
⬟ᛶ䛜♧၀䛥䜜䛯䚹
 ࡼࡗ࡚ᑂᰝጤဨ఍ጤဨ඲ဨࡣ㸪ᮏㄽᩥࡀ TRY KY ࡟༤ኈ㸦ṑᏛ㸧ࡢᏛ఩ࢆᤵ୚ࡍࡿ
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